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UHWDLQLQJZDOOV WXQQHO VXSSRUWV VORSH VWDELOL]LQJ DQG JHWWLQJ KD]DUGRXVZDVWHV XQGHU FRQWURO %HOO HW DO  
-DUWLQJDP)ORUDHWDO
-HW JURXWLQJ PHWKRG UHOLHV RQ WKH SULQFLSOH RI FUHDWLQJ D FROXPQ FDOOHG ³VRLOFUHWH´ LQ VRLO E\ HURGLQJ WKH
XQLPSURYHGVRLOZLWKKLJKSUHVVXUHGJURXWLVJHQHUDOO\ZDWHUFHPHQWPL[$VILUVWVWHSVRLOLVGULOOHGWRWKHGHVLUHG
OHYHODQGWKHURGVSXVKXSWLOOWKHUHTXHVWHGOHYHOZKLOHURWDWLQJDQGLQMHFWLQJKLJKSUHVVXUHGIOXLGVDVJURXWDLURU
ZDWHU7LQRFRHWDO6KHQHWDO,WLVSRVVLEOHWKDWMHWJURXWLQJFROXPQVPD\EHJHQHUDWHGTXLFNO\E\
WKLVWHFKQLTXHZLWKLWVVOLJKWHTXLSPHQWLQDOPRVWHYHU\NLQGRIVRLOVDVORQJDVLWLVDEOHWRHURGHWKHVRLOZLWKKLJK
SUHVVXUHGIOXLGV)ORUDHWDO
7KLVLPSURYHPHQWPHWKRGLVSRVVLEOHWREHFODVVLILHGXSWRWKHQXPEHURIIOXLGVWKDWDUHLQMHFWHGLQWRVRLO6LQJOH
IOXLGV\VWHPKDVMXVWDJURXWWZRIOXLGV\VWHPKDVDLUDQGJURXWDQGWKUHHIOXLGV\VWHPKDVDLUZDWHUDQGJURXWDV
LQMHFWHGIOXLGV6KHQHWDO,QMHWJURXWLQJPHWKRGLWLVYHU\LPSRUWDQWWRGHWHUPLQHRSWLPXPV\VWHPWRDSSO\
DQG WKHPRVW HIIHFWLYH YDOXHV RI MHW JURXWLQJ SDUDPHWHUV VXFK DV LQMHFWLRQ SUHVVXUH WKH QXPEHU DQG GLDPHWHU RI
QR]]OHV IORZ UDWH OLIWLQJ DQG URWDWLQJ VSHHG IRU URGV LQ RUGHU WR KDYH D VXFFHVVIXO DQG HFRQRPLF LPSURYHPHQW
SURFHVV)ORUDHWDO
$OWKRXJKWKHMHWJURXWLQJPHWKRGLVDZLGHO\XVHGPHWKRGWKHUHLVVWLOOQRFUHGLEOHPHWKRGWKDWFDQSUHGLFWWKH
GLDPHWHU DQGPHFKDQLFDO FKDUDFWHULVWLFVRI MHWJURXW -* FROXPQV H[FHSW H[WUHPHHPSLULFDO UXOHV 7LQRFR HW DO
)ORUDHWDO%HFDXVHRIWKLVQHHGVHYHUDOVWXGLHVZHUHSHUIRUPHGWRKDYHDQDFFXUDWHSUHGLFWLRQIRU
GLDPHWHU DQG FRPSUHVVLYH VWUHQJWK RI -* FROXPQV UHODWLYH WR DQ\ RI SDUDPHWHUV EHORQJLQJ WR SURFHVV E\ XVLQJ
GLIIHUHQWPHWKRGV
1LNEDNKWDQDQG2VDQORRVHDUFKHGWKHLPSDFWRIJURXWLQJSUHVVXUHDQGIORZUDWHRQ8&6RI-*FROXPQV
/DHIDUHWDOH[SORUHGWKHDFWRIILQHJUDLQUDWLRRIVRLORQ8&6DQGULJLGLW\RI-*FROXPQV
7LQRFRHWDOWULHGSUHGLFWLQJWKH8&6DQG7LQRFRHWDODWWHPSWHGWRIRUHFDVWWKH<RXQJ¶V
PRGXOXVRI-*FROXPQVE\XVLQJWKUHHGLIIHUHQWGDWDPLQLQJPHWKRGVDQGRQHDQDO\WLFDOPHWKRG1LNEDNKWDQDQG
$KDQJDUL  SUHVHQWHG WKH UHODWLRQ EHWZHHQ 8&6 DQG GLDPHWHU RI -* FROXPQV DQG ZDWHUFHPHQW UDWLR DQG
URWDWLRQOLIWLQJVSHHGRIURGV6KXL/RQJ6KHQHWDOVWXGLHGWKHGHWHUPLQLQJRIWKHGLDPHWHURI-*FROXPQV
E\DQDQDO\WLFDOPHWKRGDQG)ORUDHWDOVWXGLHGWKHVDPHE\XVLQJDQXPHULFDOPHWKRGGLIIHUHQWO\
,QWKLVVWXG\LWZDVDLPHGWRSUHGLFWWKH8&6RI-*FROXPQVDQGWRGHWHUPLQHWKHHIIHFWVRIJURXWLQJSDUDPHWHU
E\XVLQJPXOWLSOHUHJUHVVLRQDQDO\VLVE\PHDQVRIVRPHSDUDPHWHUVVXFKDVJURXWLQJSUHVVXUHURWDWLRQOLIWLQJVSHHG
ZDWHUFHPHQWUDWLRDQGZDWHUIORZUDWHXVHGLQWKLVLPSURYLQJPHWKRG7KHGDWDXVHGLQDQDO\VLVZHUHWDNHQIURP
1LNEDNKWDQDQG$KDQJDUL7KHUHVXOWVDUHSUHVHQWHGDVWDEOHVDQGJUDSKVDQGGLVFXVVHG
'DWDDQGPHWKRG
2.1. Data
7KHGDWDXVHGLQWKLVVWXG\ZHUHWDNHQIURP1LNEDNKWDQDQG$KDQJDULZKLFKLVDFDVHVWXG\DERXWVRLO
LPSURYHPHQW E\ MHW JURXWLQJ PHWKRG LQ D FOD\H\ VRLO 'DWD FRPSULVHV WKH DSSOLFDWLRQ SDUDPHWHUV DQG 8&6 RI
HLJKWHHQGLIIHUHQWWULDOMHWJURXWFROXPQV5DQJHVRIWKHGDWDLQDQDO\VLVDUHVXPPDUL]HGLQ7DEOH

7DEOH5DQJHVRIWKHGDWDXVHGIRU0/5DQDO\VLV
0RGHO3DUDPHWHU 6\PERO
 0D[LPXP9DOXH 0LQLPXP9DOXH
*URXW3UHVVXUH03D *3  
/LIWLQJ±5RWDWH6SHHGFPPLQ /56  
&HPHQW:DWHU5DWLR &:  
:DWHU3UHVVXUHEDU :3  
:DWHU)ORZOPLQ :)  
8QFRQILQHG&RPSUHVVLYH6WUHQJWK03D 8&6  
2.2. Multiple Linear Regression Analysis 
,Q HQJLQHHULQJ DQG VFLHQFH PDQ\ SUREOHPV LQYROYH LQYHVWLJDWLQJ WKH UHODWLRQVKLSV EHWZHHQ WZR RU PRUH
YDULDEOHV0XOWLSOHOLQHDUUHJUHVVLRQ0/5LVDOLQHDUVWDWLVWLFDOWHFKQLTXHWKDWLVYHU\EHQHILFLDOIRUSUHGLFWLQJWKH
EHVWUHODWLRQVKLSEHWZHHQDGHSHQGHQWYDULDEOHDQGVHYHUDOLQGHSHQGHQWYDULDEOHV*LDFRPLQRHWDO$JKDDQG
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$OQDKKDO 0/5 LV EDVHGRQ OHDVW VTXDUHV WKHPRGHO LV ILW VXFK WKDW WKH VXPRI VTXDUHV RI GLIIHUHQFHV RI
REVHUYHGDQGSUHGLFWHGYDOXHVLQPLQLPL]HG0/5DQDO\VLVZDVFDUULHGRXWXVLQJ6366VRIWZDUH$JHQHUDO0/5
PRGHOFDQEHIRUPXODWHGDVWKHIROORZLQJHTXDWLRQ

< ȕȕ;«ȕQ;Qİ              

ZKHUH<LQGLFDWHVGHSHQGHQWYDULDEOH;LUHSUHVHQWVLQGHSHQGHQWYDULDEOHVȕLUHSUHVHQWVSUHGLFWHGSDUDPHWHUVDQGİ
LVWKHHUURUWHUP<LOGLULPHWDO
$QLPSRUWDQWVWHSLQFKRRVLQJWKHEHVWPRGHOLVWRGHWHUPLQHKRZPDQ\YDULDEOHVDQGZKLFKSDUWLFXODUYDULDEOHV
VKRXOGEHLQWKHILQDOPRGHO6WHSZLVHUHJUHVVLRQSHUPLWVUHH[DPLQDWLRQDWHYHU\VWHSRIWKHYDULDEOHVLQSUHYLRXV
VWHSV$YDULDEOHWKDWHQWHUVDWDQHDUO\VWDJHPD\EHFRPHVXSHUIOXRXVDWODWHUVWDJHVEHFDXVHRILWVUHODWLRQVKLSZLWK
RWKHUYDULDEOHVVXEVHTXHQWO\DGGHGWRPRGHO/DWWDQG:LWWHQEHUJ.OHLQEDXPHWDO
,Q WKLV VWXG\ YDOXHV IRU JURXW SUHVVXUH *3 OLIWLQJ ± URWDWH VSHHG /56 FHPHQWZDWHU UDWLR &: ZDWHU
SUHVVXUH :3 DQGZDWHU IORZ :)ZHUH XVHG DV LQSXW YDULDEOHV DQG8&6 YDOXHV RI -* FROXPQVZHUH XVHG DV
RXWSXWYDULDEOHLQWKHPXOWLSOHOLQHDUUHJUHVVLRQDQDO\VLV
2.3. Performance Indices 
7KUHHSHUIRUPDQFHLQGLFHVDUHXVHGWRHYDOXDWHWKHSHUIRUPDQFHRIWKHGHYHORSHGPRGHOVLQWKLVVWXG\QDPHO\
1DVK±6XWFOLIIH FRHIILFLHQW ( 5RRW PHDQ VTXDUH HUURU 506( DQG FRHIILFLHQW RI GHWHUPLQDWLRQ 5VT 7KHVH
LQGLFHVDUHH[SODLQHGEHORZ

L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(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6HKJDOHWDO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LL 5RRWPHDQVTXDUHHUURU506(,WLVH[SUHVVHGDV
506( ටଵ
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LLL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5HVXOWVDQGGLVFXVVLRQV

,Q WKH0/5DQDO\VLV H[HFXWHGRQ HLJKWHHQGDWD VHWV LWZDV WULHG WR IRUHFDVW86&RI -*FROXPQVE\XVLQJ -*
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FRPELQDWLRQVDUH LOOXVWUDWHGLQ7DEOH7KLV WDEOH LQFOXGHV0/5HTXDWLRQVDQGSHUIRUPDQFH LQGLFHVEHORQJ WKHVH
IRXUPRGHOV

7DEOH%HVWSUHGLFWLYHPRGHOVDQGSHUIRUPDQFHLQGLFHV
0RGHO ,QSXW3DUDPHWHUV 2XWSXW (TXDWLRQ 5 506(03D 16(
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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,QDGGLWLRQ8&6YDOXHV WKDWZHUHFDOFXODWHGE\XVLQJ0/5HTXDWLRQVDQGREVHUYHG8&6YDOXHVZHUHFRPSDUHG
7KHFRPSDULVRQRIREVHUYHGDQGSUHGLFWHGYDOXHVIRU8&6XVLQJ0/5DQDO\VLVLVSUHVHQWHGJUDSKLFDOO\LQ)LJXUH


)LJ&RPSDULVRQRIREVHUYHGDQGSUHGLFWHG8&6YDOXHVIRUD0RGHOE0RGHOF0RGHOG0RGHO

$OWKRXJK WKH SHUIRUPDQFH LQGLFHV VKRZQ LQ 7DEOH  DUH FRQVLGHUDEO\ KLJK IRU IRXUPRGHOV WKH VFDWWHU SORWV
LQGLFDWH WKDW WKH SUHGLFWLRQ FDSDELOLW\ RIPRGHOV LQFUHDVHVZLWK WKH QXPEHU RI YDULDEOH WDNHQ LQWR DFFRXQW LQ WKH
0/5DQDO\VLVLQFUHDVHV%HFDXVHWKHSUHGLFWLRQVRIPRGHOVGULIWDSDUWIURPWKHLGHQWLW\OLQHROLQHIURP0RGHO
WR0RGHO

&RQFOXVLRQ
7KHHIIHFWLYHQHVVRIWKHMHWJURXWLQJSURFHVVLVLQIOXHQFHGE\PDQ\IDFWRUVRUDSSOLFDWLRQSDUDPHWHUVVXFKDVVRLO
SURSHUWLHV OLIWLQJ ZLWKGUDZDO DQG URWDWLRQ VSHHG JURXWZDWHUDLU SUHVVXUH HWF  -HW JURXW FROXPQ SURSHUWLHV
GLDPHWHU DQGPHFKDQLFDO SURSHUWLHV DUH PRVW LPSRUWDQW SDUDPHWHUV IRU GHVLJQLQJ WKH SURMHFW 7KHUH LV VWLOO QR
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FUHGLEOHPHWKRGWKDWFDQSUHGLFWWKHSURSHUWLHVRIMHWJURXWFROXPQVEHIRUHILHOGDSSOLFDWLRQH[FHSWH[WUHPHVHFXUHG
HPSLULFDOUXOHVDQGGHVLJQHUVJHQHUDOO\DVVXPHWKHFKDUDFWHULVWLFVRIMHWJURXWFROXPQVE\SHUFHSWLRQ
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